Abstract-In order to improve the service provider profit, the pricing strategies in service network have been studied, but primarily in static pricing setting without considering different quality of service (QoS) levels. However, in real situation, providers usually dynamically adjust their prices and offer multiple class services to meet different customers. Moreover, because service provider will satisfy demands of customers on a specific future date, customers may cancel order. In this paper, we establish a new dynamic pricing model to consider order cancellation ration and different QoS levels for maximizing provider revenue. The analytical results from this new model reveal that the optimal capacity and prices are derived via closed-form solutions. Finally, a numerical example is presented to illustrate that the proposed method is effective for determining the optimal capacity and prices. In addition, sensitivity analysis of the optimal capacity and profit with respect to some important parameters are also conducted to illustrate the optimal decision characteristics.
I. INTRODUCTION
During recent years, web service has gained tremendous development in modern business. In the ebusiness domain, one of the most challenging issues is pricing strategy of web service. The service is a special produce that is simultaneously produced and consumed. For example, when a people who makes a reservation for traveling by air can enjoy this service only when the customer arrives and a schedule is prepared for a particular day and time. If the service has not been sold before the scheduled departures, its economic value is lost. As such, services are considered non-storable products [1] .
In the existing related models concentrating on pricing, many researchers have observed the phenomenon that demands for an item may be affected by price. Polatoglu [2] examined an inventory model for developing pricing and procurement decisions simultaneously. Khouja [3] investigated a newsboy problem in which discount prices are decision variables and discount strategies are used to sell excess inventory. Pan et al.
[4] constructed a mathematical model in which the demand is pricedependent to analyze pricing and order size for a service product when customers are segmented into two types.
Meanwhile, some researchers have also studied the pricing when the demand simultaneously depends on price and time. Gupta et al. [5] considered an inventory model when the demand intensity and reservation prices are time dependent. Rakesh and Steinberg [6] simultaneously determined the pricing and ordering decisions for an inventory system in which the demand is assumed to be time and price dependent.
Urban and Baker [7] addressed a deterministic inventory model in which the demand is a multivariate function of price, time and inventory level, and extended the model to a case with a single price markdown. Chun [8] developed inventory models for determining the optimal list price and order quantity for a seasonal/perishable product which is sold for a limited period of time.
When consumers make purchased decision, they consider not only costs but also quality of service (QoS). Under this demand structure, a provider has been proposed to offer different service versions to meet multiple customer demand in web service domain. This is becoming a common practice that is based on the demand of different QoS levels.
QoS is the collective summation of service measures, which determines the degree of user satisfaction of the service [9] . Reliability represents the variance in data transmission. Audio and video applications are quite sensitive to delay and reliability, whereas common data services are insensitive to either [11] . Missing data represents information dropped or irrecoverably damaged by the network. It typically stems from data collision and buffer overflows. Sudden changes in transmission may also cause data loss [12] .
Thus, without an appropriate pricing strategy, any prioritization is useless; if there were no price difference between the priority classes, all users would select the high priority class. In other words, the prices of the priority classes should give users an incentive to join the "right" priority class. This is a common practice done by imposing a higher charge on the high-priority class.
Some relative literatures can be reviewed. For example, Guan et al.
[13] presented a decentralized auction-based scheme for bandwidth allocation and pricing in a differentiated service-based network. Mandjes [14] constructed the new model that analyzed pricing strategies on different services. Zhang et al. [15] proposed a general framework in which service providers offering multi-class services to meet different demands.
To boost revenue, provider may dynamically adjust their prices to sell more services than before. For example, airlines can use computer reservation systems to dynamically change ticket prices according to actual sales status. Some literatures have also studied dynamic pricing problems. Gallego and Ryzin [16] proposed a dynamic pricing model for selling a fixed number of items by a deadline. They found the optimal pricing policy in closed form under exponential demand. You [17] dealt with a dynamic pricing and lot sizing problem for seasonal products.
However, this advantage is accompanied by numerous costs and problems. Costs associated with the dynamic pricing approach include costs on computer equipment, data update, and information technology. With the advancement of information technology, costs and problems are decreasing. The pricing or promotion strategy can be easily applied to many practical problems. Due to this advantage of dynamic pricing, this paper considers dynamic pricing according to the actual ratio between capacity and demand.
At the same time, customers usually purchase service through a reservation system and will consume the product on a certain future date. Lee and Ng [18] provided service organizations generally used an advance sale system to monitor demand besides pricing strategy. You [19] investigated a service inventory model in which the firm sells the product through an advance booking system.
It is noted that customers with reservation may withdraw their orders before receiving them. A decision maker, without considering this phenomenon, thus may over-estimate the actual demand. From an economic point of view, the phenomenon of order cancellation can not be disregarded when making capacity size and pricing decisions.
But, in web service domain, there is limited research in revenue management that concerns dynamic pricing strategy of web service with different QoS levels. However, in real situation, providers usually can dynamically adjust their prices and offer multiple class services to meet different customer requirements.
In order to offer more practical and meaningful model to dynamic pricing strategy of provider, we present a new model in this paper, which differs from past studies in that it includes four features, as follows:
(1) Demand depends on price and time.
(2) Provider offers multiple class services to meet different requirements of customers.
(3) Customers with reservation can cancel order, penalty depends on sale price and time.
(4) The time point of price adjustment is random, when provider only has a price-change.
The purpose of this paper is to maximize the profit by making the following decisions:
(1) Capacity decision specifying how capacity is constructed.
(2) Pricing decision specifying how much price of every class service is during every selling stage.
II. A DYNAMIC PRICING MODEL WITH
DIFFERENT QOS LEVELS In this section, we construct a new dynamic pricing model to maximize provider profit. The following content discusses our model in detail.
A. Notation and assumptions
In this subsection, we assume that a provider plans to offer a certain service to customers who will consume or use it on a certain future date, purchasing through a reservation system. We also assume that the provider must determine the capacity and the selling prices at the start of the selling period. The selling price scheme is assumed to include both an initial and a secondary unit selling price. The provider is postulated to have previously specified a price-change time at the start of the selling period. This arrangement is intended to maximize the total expected profit by simultaneously determining the capacity of the provider, initial unit selling price, and secondary unit selling price. We first make the following assumptions:
(1) Provider only has a price-change in selling period, namely dividing the selling period into 2 selling stages at random time point T 1 .
(2) Multiple class services can meet different requirements of customers.
(3) Demand rate of different QoS levels is used as a function of selling price and time.
(4) Capacity of provider is not surplus.
(5) Customers with reservation can cancel order, penalty depends on sale price and time.
(6) Customers can always be satisfied. Before describing our model, the following notations are defined. We will use the following notations and decision variables throughout this paper.
According to the real situation, we will develop a new model presented in this section for dynamic pricing strategy problem of the provider in web service with considering one price-change in random time poin, cancellation and different Qos levels. The following subsection discusses this model in detail.
B.Mathematical model
To have a new dynamic pricing model on web service, the demand for the service depends on the selling price and time, demand function is nonlinear and given by where t indicates the passed time in selling period; j α , j β and bj are non-negative parameter; Dij is the demand rate at the jth QoS level over the ith selling stage.
Since customers usually purchase service in advance, this work makes the realistic assumption that customers with reservations may cancel their order before receiving their orders. Customers who withdraw their orders are postulated to be charged the penalty. Meanwhile, the penalty is assumed to be linearly dependent with the passed time during a selling period. Then, we have where t θ denote the ratio of penalty to sales price when a customer cancels his/her reservation at time t of selling period. Meanwhile, the assumption that the ratio increases with time is restrictive, such a phenomenon is not uncommon because the fee of cancellation often increases as the consumption day draws nearer. For instance, data transmission which will be held three days later is likely to charge higher penalty than another task which will be held a couple of weeks later. Aside from this, it is likely that hosts will spend more money for canceling a shortterm notice dinner party because there is not enough time to another schedule. However, Thus, it is not uncommon that a long-term schedule has a lower penalty of being canceled instead of one in the near future. Taking this situation into account, this paper investigates the case where the portion of penalty increases with time.
Moreover, we assume that services remaining at the end of the sales season are disposed of zero. Then, the reservation level changes at a rate of 1 1 ( ) Clearly, the initial reservation level is 0 in selling period. Additionally, based on the assumption that the firm can predict how price and time influence demand, the reservation level of j class service is expected to reach the level Qj at the end of the selling period. Thus, the boundary conditions for the reservation level are
The differential equations in Eqs. (3) and (4) can be solved using Eq. (1) and the above boundary conditions Eq. (5). The solutions to the differential equations are given by Eqs. (6) and (7), respectively: Thus, the system reservation level is developed. Now, Thus, our problem can be formulated as follows:
The provider aims to maximize expected profit by simultaneously determining 1) the capacity of service provider, and 2)unit selling price of service in every stage with different QoS levels. The following section, we show the optimal capacity and prices of different class services are derived from closed-form solutions.
III. SYSTEM ANALYSIS
In this section, we will develop a solution procedure in deal with the mathematic programming model proposed in the previous section. It is observed that 
